Abstract-We have already developed the recommendation system of sightseeing information on SNS by using smartphone based user participatory sensing system. The system can post the attractive information for tourists to the specified Facebook page by our developed smartphone application. The users in Facebook, who are interested in sightseeing, can come flocking through information space from far and near. However, the activities in the community on SNS are only supported by the specified people called a hub. We proposed the method of vitalization of tourist behaviors to give a stimulus to the people. We developed the simulation system for multi agent system with altruistic behaviors inspired by the Army Ants. The army ant takes feeding action with altruistic behaviors to suppress selfish behavior to a common object used by a plurality of users in common. In this paper, we introduced the altruism behavior determined by some simulation to vitalize the SNS community. The efficiency of the revitalization process of the community was investigated by some experimental simulation results.
I. INTRODUCTION
A social community is composed of a group of individuals with the common interest and purpose. The size of community is determined by the number of people and their activities. The attraction to the community increases according to the integration of the interaction of the personal behaviors, and then the active behaviors grows to be a larger society. If we can find something which attracts us, we will use them to realize the extension of community. However, nobody knows what thing attracts interest to the people in the community.
We proposed the collaborative group developing method by mimicking altruism behavior of army ant agent system [1] , [2] . The recommendation system of sightseeing information on social network service (SNS) is developed to the vitalize tourist behaviors in the community of SNS. The system is a kind of simulations for multi agent system with altruistic behaviors inspired by the Army Ants [3] , [4] . The army ant c 2016 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any current or future media, including reprinting/republishing this material for advertising or promotional purposes, creating new collective works, for resale or redistribution to servers or lists, or reuse of any copyrighted component of this work in other works.
takes feeding action with altruistic behaviors to suppress selfish behavior to a common object used by a plurality of users in common. In this paper, we introduced the altruism behavior from Army Ant simulation to vitalize the SNS community. The efficiency of the revitalization process of the community was investigated by some experimental simulation results. The experimental simulation analyzed the tourist sightseeing data collected by our developed smartphone application [6] .
The current information technology can collect various data sets because the recent tremendous technical advances in processing power, storage capacity and network connected cloud computing. The sample record in such data set includes not only numerical values but also language, evaluation, and binary data such as pictures. Smartphone (Mobile) based Participatory Sensing (MPPS) systems involve a community of users sending personal information and participating in autonomous sensing through their mobile phones [5] . Sensed data can be obtained from sensing devices on mobiles such as audio, video, and motion sensors by using smartphone application. Participation of smartphone users in sensorial data collection both from the individual and from the surrounding environment presents a wide range of opportunities for truly pervasive applications. The technical method to discover knowledge in such databases is known to be a field of data mining and developed in various research fields. The acquired knowledge works as filtering rules to select the submitted data from smartphone application to the SNS community.
We developed the smartphone application called "Etajima Tourist Map [6] " to collect the information for attractive sightseeing spots and to acquire the filtering rules of finding new novelty spots. The community in the simulation system is the sightseeing information of Facebook page that shows the selected subjective data of the tourists as shown in Fig.3 . In order to verify the effectiveness of the proposed method to vitalize the community of tourists, the verification test was implemented. In this paper, we explain some experimental results.
II. SMARTPHONE BASED PARTICIPATORY SENSING SYSTEM
A. Smartphone Application 'Etajima tourist Map'
Participation of smartphone users in sensorial data collection both from the individual and from the surrounding environment presents a wide range opportunities of collecting firsthand information. For example, our MPPS developed smartphone application can collect the tourist subjective data as shown in Fig.1 . The collected subjective data consist of jpeg files with GPS, geographic location name, the evaluation of {0, 1, 2, 3, 4} and comments written in natural language at sightseeing spots to which a user really visits. The application must obtain GPS data before taking a picture so that the pictures provide evidence to prove that the tourist visited there.
The TF-IDF [9] is well known to calculate a weight used in information retrieval and text mining. The term frequency tf (t, d) gives a measure of the importance of the term t within the particular document d. The inverse document frequency idf (t) is a measure of the general importance of the term. A high weight in tf idf is reached by a high term frequency and a low document frequency of the term in the whole collection of documents. In this paper, tf (t, d) is calculated from the comments to the website of tourist association.
where n(t, d) is the occurrence count of a term t in the document d. k n(k, d) is the occurrence count of all items in the document d. |D| is the total number of documents in the corpus. |{d ∈ D : t ∈ d}| is the number of documents where the term t appears.
B. An interface of interactive GHSOM
We developed the smartphone based interface of interactive GHSOM (Growing Hierarchical Self-Organizing Map) [10] to acquire the knowledge intuitively. This tool was developed by Java language. The color of unit shows the pattern of sample represented in Munsell color system [11] , which consists of three independent 
C. Filtering Rules
This subsection describes the filtering rules of tourist subjective data to be tweeted. Fig. 4 shows the overview of the clustering results by the interactive GHSOM and the decision tree by C4.5 via our developed smartphone application. The filtering rules are generated according to the acquired knowledge.
If the message to be tweeted matches the rule, the corresponding tourist information is important and the message is outgoing on social networking service and microblogging service as shown in Fig.3 . In this paper, we have 11 filtering rules, the 9 predetermined rules obtained from the collected data and 2 new rules in the proving test. Fig. 4 shows the only 9 filtering rules only, because Rule 1 and Rule 2 was not fired in this experiment.
[R] [10] 
D. Relation between rules and activities in Facebook
We investigated the relation between the information posted by the filtering rules and the degree of 'Like' to its information on Facebook page by association rules [12] . In this paper, the lift value was calculated to measure the quotient of the posterior and the prior confidence of association rule. In general, the lift value of the rule R(= X → Y ) is as follows.
where supp(φ) = |T |. |T | is the number of the transaction. First, select the user who pushes 'Like' button to more than half of articles posted by filtering rules and categories. Second, check if the user pushes 'Like' button to half of articles posted by other rules and categories. For example, the user, who pushes 'Like' to more than half of articles posted by the category [R] [10] [10] in Rule 5 selects more than half articles posted by the category [R] [11] [10] in Rule 8. We investigated all user's behaviors and analyzed the relations by association rules. Fig.5 shows the example of calculation result which consists of the number of rules, 'association rule', 'support', 'confidence', and 'lift'. The higher lift value of 12 association rules are the combination of 4 rules: 'Rule9, [10] [10]', 'Rule9, [11] [10]', 'Rule10, [10] [10]', 'Rule10, [11] [10]' and the other higher lift value is 2 rules between 'Rule5, [10] [10]' and 'Rule6, [10] [10]'. For example, Rule 9 and Rule 10 among the filtering rules are related to the famous sightseeing spots in Etajima. From such observations, we developed the recommendation system of sightseeing spot with altruistic behaviors. 
III. AGENT SYSTEM WITH ALTRUISTIC BEHAVIOR

A. Altruistic Behavior in Army Ant Systems
In animal societies, self-organization is the theory of how minimal complexity in the individual can generate greater complexity at the population. The rules specifying the interactions among the components are implemented by using only local information. In the field of social evolution, army ant performs altruism as one behavior of complexities, where each individual reduces its own fitness but increases the fitness of other individuals in the population. Such behaviors seem to be involved acts of self-sacrifice in order to aid the others. The concept was initially developed to explain the evolution of cooperation as mutually altruistic acts [13] . The basic idea is close to the strategy of "equivalent relation" in the study of strategic decision making.
Army ants build a living nest with their bodies instead of building a nest like other ants. Each ant will hold on to the other legs and form a linked chain or a ball structure. This behavior is known as a bivouac. This allows the bridging of an empty space.
We developed the multi-agent simulation system to execute more realistic altruistic behavior where two kinds of agents realize the division of roles in army ants [1] . Such observations of behaviors in the computer simulation will contribute to the shift to knowledge from the individual to the collective. We explored how agent-based modeling and simulation can be used as a research technique to study collaborative social networks [3] , [4] . The situation for the forming the altruistic behavior becomes clear gradually in our research [1] , [2] .
In our developed simulation system, there are 2 kinds of agents: 'major agent' and 'minor agent'. The major agent with 11 categories as shown in Fig.4 works to post the article to Facebook and the minor agent views the posted one and push 'Like' button to it by the agent's preference. The community of minor agents is constructed by the selection of the article and then we can find their agent with similar parameters to the preference of selecting articles. The articles posted by the specified major agent attracts some minor agents by the analyzed association rules.
The minor agent views and selects the preferred article by the following evaluation Eq. (6) .
where the evaluation value E k i represents the attractive degree to the article i in the category k. The S k j represents the interesting degree to the category k by the minor agent j. The S k j was given to the agent when it is generated. The higher value of S k j means the agent strongly interested in the category. L threshold is a threshold value for the selection.
B. Altruistic Behavior in Simulation model
The altruistic behaviors seem to be involved acts of selfsacrifice in order to aid the others. In this model, altruistic behavior means the recommendation of the article posted by the specified minor agent to the other agents. In the SNS community such as Facebook, the behavior of the recommendation is sharing the articles to the time line. The minor agents decides to take the following altruistic behavior, Eq. (7) with a certain probability P (Alt).
R im = 1 is the condition that the article was posted by the specified major agent. E k i is the evaluation value in the category k and S k l is the interesting degree for the category k by the minor agent l. N i is the number of smartphone users who push 'Like' button to the articles i. A threshold is the threshold value. E The minor agent j with altruistic behavior selects an article from what the agent pushes 'Like' button. The agent recommends the other agents and then they push 'Like' to the same article. The agent decides the selection of the article by Eq.(6).
IV. EXPERIMENTAL RESULT FOR COMMUNITY VITALIZATION
A. Optimal value for threshold
We investigated the optimal set for 3 parameters L threshold , A threshold , P (Alt) by some experimental results. Each experiment has 200 agents, and 2,000 minor agents for 100 steps. First, Fig.6 shows the relation between L threshold and the activities in the community. We investigated the experiments with respect to L threshold = {0.5, 1.5, 2.5, 3.5, 4.5}. X axis is the logarithm of the number of 'Like' by Eq.(6) and T axis is the logarithm of the number of articles. There are many articles with less 'Like' as a matter of course. As the L threshold is higher, the preferred article get fewer. That is, the article selection criterion by the minor agents is strict in case of high L threshold and the selected article is high evaluation by many agents. Fig.6 shows the case of L threshold = 2.5. Second, we implemented some examinations related to A threshold = {0.05, 0.075, 0.10, 0.125, 0.15} with L threshold = 2.5. X axis and Y axis indicate the same one in the experiments of L threshold , respectively. The A threshold occurs that many minor agents view the articles. If the article is good, the number of 'Like' is large. The phenomenon is caused by the effects for the altruistic behaviors. The results for all A threshold were divided into 2 kinds of distributions as shown in Fig.7 . The latter distribution was formed by the altruistic behaviors. We can observe that the community grows largely based on the recommendation by many agents with small A threshold . The case for A threshold = 0.05 was best situation. Third, the experiments for parameter P (Alt)(= {0.2, 0.4, 0.6, 0.8, 1.0}) was executed by using results of L threshold = 2.5, A threshold = 0.05. Fig.8 shows the case of P (Alt) = 1.0. As for the variation of P (Alt), there are no difference among experimental results. We applied the simulation model with L threshold = 2.5, A threshold = 0.05, P (Alt) = 1.0 to the smartphone based participatory system described in Section II. The posted article is represented on Facebook page as shown in Fig.9 . Table I shows the simulation result with altruistic behaviors to our developed Etajima sightseeing system. The 'Category' is the classified by Interactive GHSOM. The 'Articles Ave.' and the 'Like Ave.' are the average of number of articles and 'Like', respectively. The 'Num of Person' is the number of persons who pushes 'Like' to the articles in the category. The 'ratio' is the articles divided by the number of persons. The 'Diff.' means the difference of the number of 'Like'. As shown in Table I , the number of 'Like' becomes larger by introducing the altruistic behaviors. Table II shows the simulation results with the re-posting articles based on the system's recommendation instead of users. The articles were recommended by the system. Every numerical values in Table II are small, because the original data were collected within the limited periodical time. As for 'A', 'B', and 'G', the number of 'Like' becomes large and the number of 'reach' increases drastically. The 'reach' means that the article is spread to their community. As for 'D' and 'E', the number of 'reach' increases. As for 'G', the simulation test executed in winter but the article is related to summer. In case of 'C' and 'F', we can see an interesting feature of the decrease of 'Likes'. These articles were very famous tourist attractions such as 'oysters'. The SNS users are fed up too famous articles, because they see the similar contents in their timeline on SNS. Therefore, re-posting their articles is not very attractive to users. On the other hand, when the friends of the SNS user see the famous articles at first time, they feel it so attractive. As a result, the number of 'reach' of 'C' and 'F' increases. 
V. CONCLUSION
We have already developed the recommendation system of sightseeing information on SNS by using smartphone based user participatory sensing system. The system can post the attractive information for tourists to the specified Facebook page by our developed smartphone application. To vitalize the tourist behaviors in the community on SNS, we examined simulation tests for agent behaviors with altruism. The altruistic behavior is inspired by the Army Ants and the simulation system for multi agent system with altruistic behaviors has developed. In this paper, we introduced the altruism behavior of army ant simulation system to vitalize the SNS community. The efficiency of the revitalization process of the community was investigated by some experimental simulation results. Such total system is useful to activate the local community such as providing information system to tourist.
